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The MAILING DATE of this communication appears on the cover sheet with the correspondence address — 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

• If NO period for reply is specified above, the maximum statutory period will apply and wilt expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

- Any reply received by the Office later than three months after the mailing date of this communication, even if timeJ^Jel!/fHay , reduce s any* 
earned patent term adjustment. See 37 CFR 1 .704(b). fiClL/C S V 
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1)(3 Responsive to communication(s) filed on 31 December 2001 . APR 2 2 2004 
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3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213. 
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Application Papers 
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Art Unit: 3644 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

2. Claims 1-3, 1 1, 13, 14, 16, 17, 22, 24, 25, 29, and 30 are rejected under 35 U.S.C. 103(a) 
as being anticipated by Edwards et al in view of Ginsburgh et al. 

Edwards et al disclose a system and method for inerting an aircraft fuel tank which 
comprises contacting a with a first membrane module with compressed air to produce a first 
nitrogen-enriched air stream which is introduced into the fuel tank during periods of low demand 
for nitrogen-enriched air and contacting a second membrane module with compressed air to 
produce a second nitrogen-enriched air stream which is introduced into the fuel tank during 
periods of high demand for nitrogen-enriched air, and in which the first membrane module has a 
lower 0 2 permeance and a higher 0 2 /N 2 selectivity than the second membrane modules. See 
column 7, lines 30-44, which disclose that the permeator may comprise hollow fibers with 
different physical characteristics to produce different puritys level outputs. See especially column 
10, line 61-column 12, line 18, and Figure 13 which disclose a system for inerting an aircraft fuel 
tank with two different membrane modules to produce two nitrogen-enriched air streams for use 
during different flight conditions. Edwards et al fail to show the nitrogen-enriched air stream 
introduced directly into the fuel. Ginsburgh et al teach that it is know to introduce inerting gas 
directly into the fuel in a fuel tank. See Figures 1 and 2. Motivation to combine is the clear 
advantage of more efficient mixing of the inerting gas and the fuel when the gas is introduced 
directly into the fuel. To employ the teachings of Ginsburgh et al on the fuel inherting system of 
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Edwards et al and have the inherting gas directly into the fuel is considered to have been obvious 
to one having ordinary skill in the art. 

3. Claims 4, 5-10, 12, 15, 16, 18, 19-21, 23, 26-28, and 31 are rejected under 35 
U.S.C. 103(a) as being unpatentable over Edwards et al in view of Ginsburgh et al as applied 
above, and further in view of Dornheim. 

Edwards et al disclose a system and method for inerting an aircraft fuel tank which 
comprises contacting a with a first membrane module with compressed air to produce a first 
nitrogen-enriched air stream which is introduced into the fuel tank during periods of low demand 
for nitrogen-enriched air and contacting a second membrane module with compressed air to 
produce a second nitrogen-enriched air stream which is introduced into the fuel tank during 
periods of high demand for nitrogen-enriched air, and in which the first membrane module has a 
lower 0 2 permeance and a higher 0 2 /N 2 selectivity than the second membrane modules. See 
especially column 10, line 61 -column 12, line 18, and Figure 13. Edwards et al fail to disclose the 
specific parameters of flow rates or establishing conditions to liberate a portion of 0 2 dissolved in 
the fuel. Dornheim teaches, see the third paragraph from the end, that in a fuel tank inerting 
system conditions are created in which "oxygen enrichment occurs from the dissolved air in the 
fuel." To substitute particular parameters and conditions in the fuel inherting system of Edwards 
et al in place of unspecified conditions are considered to have been a matter of design and 
engineering choice in order to achieve the desired performance of the system in a particular 
situation. To have the claimed flow rates and oxygen liberation is considered, without any 
indication of unexpected results, to have been obvious to one having ordinary skill in the art, 

4. Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to J. Woodrow Eldred whose telephone number is (703) 306-4151. 
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Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the Group receptionist whose telephone number is (703) 306-4177. 
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(57) ABSTRACT 

Apparatus for facilitating the mixing, absorption and/or 
retention of carbon dioxide *C02' in hydrocarbon fuel to 
economically produce a safety-enhanced and/or improved - 
combustion fuel. The apparatus iocludes at least one mixing 
receptacle having at least one coupling with a controllable 
inert gas supply; at least one coupling with a controllable 
hydrocarbon fuel supply; and at least one coupling with a 
C02-enriched fuel fuel -line. The mixing reccptacle(s) is 
configured to retain a volume of fuel and a volume of C02 
such that C02-enriched fuel having a controllable gas-fuel 
ratio is the product of the mixing receptacle(s) and the gas 
of the ratio(s) exceeds 0.1 volume of C02 per volume of fuel 
and is less than approximately 3 volumes per volume of fuel 
when conveyed from the rcceptacle(s). The apparatus con- 
trols the exposure of hydrocarbon fuel molecules to an 
optimal volume of C02 within the receptacle(s). One 
embodiment of the invention includes the adaptation of the 
apparatus to existing fuel -burning devices, i.e. for retrofit- 
ting the apparatus thereto. The apparatus mixes and/or stores 
C02 in the fuel to achieve one or more of the following 
benefits: fuel receptacle safety-enhancement; improved 
engine comhustion; reduction in undesirable emissions such 
as soot particulate; reduction in fuel droplet size; and/or, 
reduced fuel viscosity. 

24 Claims, 5 Drawing Sheets 
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ECONOMICAL APPARATUS TOR 
PRODUCING IMPROVED COMBUSTION 
AND SAFETY-ENHANCED FUEL 

This is a non-provisional application which relies on 5 
provisional patent application, Scr. No. 60/(189,376 filed on 
Jun. 15lb of 1998. 

OVERVIEW OF THE INVENTION 

1. Field of the Invention 10 
In co-pending patents (by two or more of the inventors of 

the present invention), practical met bods are shown to 
provide and/or control safety-enhanced fuel and also 
improved combustion fuel in various types of fuel reccp- iS 
laclcs and fuel systems, including fuel systems of engine- 
powered vehicles and fuel-burning devices. These 
co-pending patents disclose the values of hydrocarbon fuel 
that is mixed with an inert gas (such as C0 2 ). The present 
. invention discloses an economical method to produce 20 
safety-enhanced fuel comprising the incorporation of a 
hydrocarbon fuel and inert gas mixing apparatus which 
mixes highly absorbable inert gas(es) in hydrocarbon fuel. 

2. Background of the Invention 

Engine-powered vehicle safely is an important concern 25 
for all who travel. Numerous agencies, domestically and 
abroad, have been created and continue to operate with the 
sole purpose lo monitor and improve systems, guidelines, 
and procedures, relating to the manufacture, maintenance 
and operation of travel and transportation vehicles. Most of 30 
these vehicles utilize some form of hydrocarbon fuel. The 
enormous power of hydrocarbon fuel is widely known, and 
when channelled properly it provides one of our most 
efficient sources of energy for travel, transportation and the 
like. However, the power of the fuel occasionally averts the 35 
safety designs of the systems that were created to control it, 
sometimes witb tragic consequences. Some of these 
consequences, or their severity, may be significantly reduced 
or avoided completely, by the incorporation of a fuel within 
engine-powered vehicles which contains a high enough 40 
concentration of highly absorbable inert gas-within the 
fuel-as to be 'self-inert ing fuel*. Indeed, in the wake of the 
tragic outcome of TWA l 7 ! ighl 800 out of New York, the FAA 
recently announced their desire lo see aircraft incorporate 
some form of fuel inert ing system, perhaps with the poignant 45 
realization that had the central fuselage tank of that 747 had 
a sufficient volume of inert gas therein, il would not have 
been able to support the ignition and combustion of the 
tank's volatile contents. Such public outcry for such a 
solution has typically implied a cosily retrofitting of 25,000+ 50 
aircraft and/or manufacturing of expensive on-board aircraft 
'hardware' solutions for new planes. The present invention 
requires lillle or no retrofitting of engine-powered vehicles 
and discloses an economical and efficient method to produce 
safety -enhanced fuel. For example, an inert gas such as C0 2 , 55 
is highly absorbable in hydrocarbon fuel, and depending on 
various conditions can be absorbed into a hydrocarbon fuel 
up lo a 3: 1 ratio (and higher using positive pressures during 
mixing and/or storing). One volume of such hydrocarbon 
fuel can contain three limes its own volume of absorbed 60 
C0 2 with a range of 1-2 times the C0 2 absorbable in many 
commercial fuels representing a more typical range (with 
higher mixing pressures additional absorption is possible). 
The molecular mixing of Ihe fuel and the inert gas is highly 
efficient and synergistic in that the volume of the safety- 65 
enhanced fuel and its weighl is minimally altered within the 
various ranges of gas-absorption. According lo mixing 



,525 131 

2 

parameters that are controllable, such as the amount of 
pressure with which the inerl gas is mixed inlo ihe fuel, the 
inert gas will desorb from the fuel inlo a fuel receptacle's 
ullage over -ime at predictable rales. Il has been shown that 
a fuel receptacle ullage concent ration of inerl gas such as 
CO, in the range of 40-50% is, under most circumstances 
(including abnormally high tcmpcralures), sufficient lo pre- 
vent ignition or combustion of Ihe remaining vapor and air 
mixture within the ullage. Since the volume of gas which 
can be absorbed in the fuel can readily exceed the volume of 
the fuel itself (without significantly altering the fuel volume 
or weighl), it is possible to meci and exceed the 40-50% 
ignilion-prcvcntative range of inert gas needed in the fuel 
receptacle ullage as the fuel is used and as the iocrt gas 
conlained in the remaining fuel continues lo desorb from ihe 
fuel. Thus, little or no alteration is required of vehicles 
incorporating such safety-enhanced fuel, and an efficient and 
economical method to retrofit and increase the safety of 
vehicle's utilizing such fuels is provided. An additional 
benefil occurs with the presence of absorbed gas in fuel 
droplets allowing the gas to desorb as pressure falls or 
temperature rises, whereby the expanding gas bubbles (in 
the droplets) cause a separation of the droplets inlo micro- 
droplets which promotes belter combustion of the fuel 
including substantial decreases in emissions and soot par- 
ticulates. 

In the case of an engine -powered vehicle such as a 
commercial jet for example, an aircraft will receive fuel 
containing a substantial volume of inert gas such as CO ; , as 
the plane awaits departure and then taxiis, factors such as 
time, fuel temperature increases and the mild agitation of 
taxiing and the subsequent take-off roll of the aircraft, assist 
in the desorption of C0 2 from the fuel. The inert gas will 
lend to stratify above the fuel and prevent the development 
of a potentially volatile layer of fuel vapor and air mixture. 
As the concentration of C0 2 within the ullage increases 
through desorption, the lighter volatile layer above it is 
forced out of the ullage through the fuel lank vents. Further 
purging is facilitated by ihe increase of altitude and ihe 
relative negative pressures associated therewith, which serve 
lo draw oul the uppermost layer of ullage-content. During 
the ascent phase and cruising phase of the aircraft, an 
additional gas -desorb ing factor is introduced as Ihe relative 
negative pressure of the surrounding air assists in drawing 
oul CO. from the fuel into the ullage. With flights of longer 
durations (at cruising altitudes), the fuel and ullage arc also 
cooled over time, which increases fuel ignition-prcvenlalive 
safety and increases l he ability of the fuel to absorb and/or 
retain C0 2 therein until the descent phase of the flight where 
the warming of the fuel, and the agitiation of the fuel during 
landing and subsequent taxiing, are additional factors which 
assisl in the purging of remaining C0 2 from the fuel. As 
previously mentioned, mixing conditions such as tempera- 
ture of the fuel and the pressure with which the inert gas is 
mixed inlo the fuel, affeci absorpsion and desorption rates of 
the gas into and out of the fuel. Thus, it is possible lo mix 
the inert gas with the hydrocarbon fuel under higher pres- 
sures for flights of shorter durations whereby the gas con- 
tained therein will desorb at a faster and optimal rate, and 
conversely to mix gas with fuel at lower pressures (including 
negative pressures whenever advantageous) for flights of 
longer durations. Alternatively, a conduit-receptacle having 
at least one controllable fuel inlet and at least one control- 
lable inert gas inlcl (including control of variable gas 
pressure ranges), with at least one controllable outlet, lead- 
ing to a vehicle rc-fucling station, can transmit any one, or 
combination, of: fuel and highly absorbable inerl gas; or 
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safety-enhanced fuel; and improved combulion fuel to the ling thereto. The apparatus mixes and/or stores inert gas in 

vehicle, or fuel-burning device. For example, with aircraft the fuel to achieve one or more of the following benefits: 

having flights of shorter durations (where the fuel tanks are fuel receptacle safety-enhancement; improved engine coro- 

inlenlionally only partially filled to minimize weight)* it can bustion; reduction in undcsircable emissions; reduction in 

be advantageous to first fill ullagc(s) with inert gas before 5 fuel droplet size; and/or, reduced fuel viscosity, 
taking on safely-enhanced fuel Higher pressure absorpsion 

rates are also employable for flights of shorter durations, BRIEI7 DESCRIPTION OF DRAWINGS 

thus the ullage of such tanks are quickly filled with the faster Ml Figures are Diagrammatical 

desorbing gas which can be optimally time-released for the ^G. 1 is a view of a safety-enhanced or improved 
flight's duration. Further, the control of inert gas mixing 10 combustion fuel mixing apparatus according to the present 
pressures can be used to facilitate the mixing of inert gas invention showing a mixing receptacle wherein a control- 
such as C0 2 into hydrocarbon fuels, e.g. diesel fuel, so that lab,c s "Pply of inert gas and hydrocarbon fuel is mixed in 
micro-droplets of fuel (facilitated by the absorbed C0 2 controllable gas-fuel ratios ranging from O.lrllo 3:1 gas 
molecules) are obtained in the combustion phase of an concentrations within the fuel, and then conlrollably con- 
enginc to increase combustion efficiency and/or reduce 15 vc y ed through at least one outlet of the receptacle, 
carcinogenic materials (particularly with the burning of FIG 2 is a view of a safely-enhanced or improved 
richer mixtures of fuel), thus increased engine performance combustion fuel mixing apparatus showing a receptacle 
and/or an improved operation as it relates to our having an inert gas infuser means contained substantially 
environment, health and safety is achieved. therein. 

20 FIG. 3 is a view of a safety-enhanced or improved 
PRIOR ART combustion fuel mixing apparatus showing a receptacle 
Asearch of patent literature has not disclosed methods to having a hydrocarbon fuel atomizer means and an inert gas 
produce self-inerting or improved combustion fuel having a infuser means contained substantially therein, 
sufficient volume of inert gas containable therein to provide FlG - 4 is a view of a safety-enhanced or improved 
and/or sustain an ullage concentration of inert gas exceeding 25 combustion fuel mixing apparatus showing a fuel conduit- 
the 40-50% (nominal minimums) needed in order for the receptacle having a gas diffuser contained therein and con- 
ullage contents to be considered ignilion-preventative--or duit means to convey safely-enhanced or improved com- 
for the concentrations needed for improved combustion. bustion fuel. 

Thus, the typical path, in the aircraft industry for example, . P" 10 * 5 and F| G. 6 are views of a safety-enhanced or 
has been the discussion or contemplation of manufacturing 30 improved combustion fuel mixing apparatus shown with an 
and retro-fitting all operational commercial aircraft with external drive means actuating a movable mixing receptacle, 
some kind of on-board 'hardware' inerting system. In that F 10 - 7 and F| C 8 are views of a safety-enhanced or 
there are approximately 25,000+ such aircraft, such a path is improved combustion fuel mixing apparatus shown with a 
considered daunting, lime-consuming and extremely costly. rotatable agitator means, with the agitator means of FIG. 8 
For example, the inclusion of bulky and heavy auxiliary 35 farther incorporating a gas diffuser means, 
tanks for storing and routing inert gas such as Nitrogen has RG 9 and P 10 - 10 arc v »«ws of a safety-enhanced or 
been considered, as well as inert gas generators, and various improved combustion fuel mixing apparatus showing a fuel 
systems to capture and re-use gases from the aircraft conduit -receptacle having a lurbulator means contained 
engines. However, these systems have not proven to be therein and conduit means to transport safety -enhanced or 
either practical, effective, economical and/or reliable as of 40 improved combustion fuel, with the lurbulator means of 
yet. Thus, the aircraft industry (as one of the largest sectors FIG - 10 farther incorporating a gas diffuser meaos. 
of engine-powered vehicles) is left in want of a practical, DESCRIPTION OF THE PRFFFRRFD 
economical and readily employable solution. Furthermore, Dbi>CRII HON OF THZ PREFERRED 
c i «u # * * c \~ l j e - EMBODIMENTS 
fuels with a concentration of absorbed C02 of approxi- 
mately 10% or greater, facilitate fuel/air mixing in the 45 The present invention provides an efficient and economi- 
combustion zone of a fuel-burning device by providing a cal mixing apparatus 10 for exposing a controllable and/or 
reduction in fuel droplet sizes. It is the purpose of the present optimal volume of inert gas such as CO., to a controllable 
invention to overcome such limitations and to provide such and/or optimal volume of hydrocarbon fuel (e.g. Jet fuel, 
an alternative to the aircraft industry and to those industries Diesel fuel, engine fuels, fuel oils and the like). As can be 
and agencies concerned with the operation, combustion and 50 seen in the illustrations of FIGS. 1-4 and FIGS. 7-10, the 
safety of engine-powered vehicles, fuel-burning devices, mixing apparatus 10 comprise at least one mixing receptacle 
and the fuel storage and/or fuel systems relating to such 20 suitable for the mixing of fuel 24 and inert gas 18 therein, 
vehicles and devices. It is also the purpose of the present with mixing receptacle 20 having at least one controllable 
invention to provide an apparatus for facilitating the mixing, fuel inlet/coupling means 32 to receive hydrocarbon fuel 
absorption and/or retention of inert gas (such as carbon 55 from a hydrocarbon fuel supply as directed by fuel control 
dioxide *C02\ nitrogen, or a plurality of inert gases) in means 26, and at least one controllable gas inlet/coupling 
hydrocarbon fuel, comprising a mixing receptacle having at means 30 to receive inert gas such as C0 2 as directed by gas 
least one coupling means for connection with a controllable control means 28 from a controllable inert gas supply 
inert gas supply; at least one coupling means for connection comprising one or more inert gas. Controllable inert gas 
with a controllable hydrocarbon fuel supply; and at least one 60 inlet/coupling means 30 optionally includes the control 
coupling means for connection with an inert gas-enriched or means to determine fixed inert gas pressures, send pure inert 
improved combustion fuel distribution means, and, the gas through the mixing receptacle, and/or provide a variable 
receptacle further comprising mixing apparatus suitable for range of inert gas pressures, including when appropriate, 
controlling ihe exposure of hydrocarbon fuel molecules to negative pressures. It is noted that when receptacle 20 and 
an optimal volume of inert gas within said receptacle. One 65 the coupling means that arc attached thereto are so used they 
embodiment of the invention includes the adaptation of the are comprised of a type of material suitable for withstanding 
apparatus to existing fuel-burning devices, i.e. for retrofit- such pressure differentials. For example in FIG. 2, inert gas 
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control means 28 can in one variation, create a sufficient 
positive pressure of inert gas to impel it through the open- 
ings of the gaseous diffuser means 40 into the hydrocarbon 
fuel 24. In an alternate variation, gas control means 28 can 
pump inert gas to a re- fueling location before the fuel control 
means initiates the pumping of fuel into the mixing 
receptacle, in which case an engine-powered vehicle's fuel 
lank ullage can receive a pure controllable dose of inert gas 
before re-fueling begins. In a third variation, gas control 
means 28 is optionally equipped with a vacuum pump, to 
create a negative pressure, for example via receptacle- 
content re-circulating conduit 38, to create a sufficient 
negative pressure in the ullage 22 of mixing receptacle 20 to 
cause the inert gas to travel up through the hydrocarbon fuel 
24 at a desired rate. It is noted that fuel control means 26 can 
optionally be supplied by any one or more of a variety of fuel 
sources including fuels sup pliable in various temperatures 
such as chilled fuel, and/or tfii el otherwise optimized for inert 
gas absorpsion such as hydrocarbon fuel with additional 
light hydrocarbon atoms. Similarly, inert gas such as C02 
can readily be stored in a chilled non-gaseous stale e.g. 
liquid or solid and used as an inert gas supply — including a 
gas supply that when expanding during phase conversion 
provides a naturally occurring positive pressure source. In 
another embodiment of the present invention an inert gas 
supply can consist in, or be augmented by, the exhaust of a 
fuel-burning device which can be tapped by one or more 
suitable conduit and directed to the gas inlet of receptacle 
20. It is also noted that the apparatus of the present invention 
can be carried on and/or retrofitted on-board a vehicle or 
fuel-burning device whether tapping its exhaust and/or 
deriving inert gas from an independent supply such as one 
or more pressurized gas tank. Alternatively, mixing recep- 
tacle 20 can facilitate a passive mixing of inert gas-enriched 
fuel whereby the fuel and inert gas(es) within the receptacle 
arc mixed by fluid convection which circulates fuel to the 
fluid surface creating contact with a controllable concentra- 
tion of gas. Similarly, when receptacle 20 maintains an 
ullage which is sufficient in volume and having a suitable 
concentration of inert gas therein, a desired equilibrium 
fuel/gas ratio can be established and maintained within the 
inert gas-enriched fuel. Another passive mixing means is 
achieved within receptacle 20 when fuel entering the recep- 
tacle is splashed within a region of the receptacle that is also 
exposed to a controllable concentration of inert gas such as 
C02, or when the fuel is directed over a splash-inducing 
contoured surface (not shown) as it is directed into, or 
descends into, the receptacle and is simultaneously exposed 
to an optimal concentration of gas. 

Mixing receptacle 20 has one or more safety-enhanced or 
improved combustion fuel outlet/coupling means 36, which 
is connectable with an inert gas-enriched fuel distribution 
means such as outlet control means 46, to convey safely- 
enhanced fuel as needed. The control means 26, 28 aod 46, 
are comprised of any one or more in a variety of known 
control device(s) such as automated, computer-controlled, or 
manually controlled, pump(s), valve(s), re-circulating 
device(s), manifold(s), and the like. Alternatively, the mix- 
ing receplacle(s) 20 can also comprise any one or more in a 
variety of known measuring and/or monitoring means 78, 
such as monitoring, measuring, reporting device(s) and/or 
instruments used to measure or regularly sample pressure, 
temperature, chemistry composition, gas concentration 
levels, and the like, including the incorporation of monitor- 
ing means communication signal 80 with reecplaele-conlcnl 
control means 82 (fuel control means 26, inert gas control 
means 28, and safety-enhanced fuel control means 46, 
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inclusively) in order lo facilitate the automation of optimal 
mixing of the inert gas in the hydrocarbon fuel. Communi- 
cation signal 80 can lie transmitted through a suitable 
conduit connected between monitoring means 78 and any 
5 one or more of the control means, or alternatively can be 
transmitted by wireless transmission, in which case moni- 
toring means 78 and any one or more of the control means 
arc comprised of communicating transmitters) and receiver 
(s) respectively. 

io A first iteration of the present invention shown in FIGS. 
1-4 and FIGS. 7-10, includes a safely-enhanced or 
improved combustion fuel mixing means which is contained 
substantially within the interior of mixing rcceplaclc(s) 20 
and optionally includes one or more receptaclc-contenl 

J5 re-circulating conduit 38 for re-circulating or recycling inert 
gas, fuel, and/or safely -enhanced fuel within rcccptacle(s) 
20. The safety-enhanced or improved combustion fuel mix- 
ing means arc comprised of any one or more in a variety of 
known gas/fuel mixers, including but not limited to: a fuel 

20 atomizer means 34 (FIG. 3) such as one or more atomizing 
sprayer to spray liquid hydrocarbon fuel into a volume of 
inert gas; a gaseous diffuser means 40 (FIG.2) such as one 
or more gas diffuser means comprised of either a porous 
material, or a material having a multiplicity of apertures, 

25 either type of diffuser being suitable for releasing a multi- 
plicity of small inert gas bubbles into a volume of hydro- 
carbon fuel; a fuel atomizer means 34 and/or gas diffuser 
means 40 (FIG. 3); a gaseous diffuser means integrated into 
a safety-enhanced or improved combustion fuel transferring 

30 conduit (FIG. 4); a rotatablc agitator means (FIG. 7); a 
combination rotatable agitator aod gaseous diffuser means 
(FIG. 8); a turbulator means (FIG.9); a combination lurbu- 
lator and gaseous diffuser means (FIG. 10); or, a carbonator 
means (not illustrated). 

35 In FIG. 3 a safety-enhanced fuel mixing apparatus 10 is 
shown illustrating a mixing receptacle 20 having an internal 
hydrocarbon fuel atomizing means 34 and/or an inert gas 
diffuser means 40 (or inert gas infusing means). Fuel atom- 
izing means 34 is controlled by fuel control means 26 which 

40 is connected to an external fuel source, and inert gas diffuser 
means 40 is controlled by gas control means 28 which is 
connected to an external inert gas source. An optional 
re-circulating conduit 38 is shown connected lo each of the 
control means 26 aod 28 respectively, such that the fuel 

45 and/or gas can readily be re-circulated within the mixing 
receptacle 20 as needed before being transferred out of 
safety-enhanced fuel outlet 36. FIG. 4 illustrates a safety- 
enhanced fuel mixing apparatus 10 showing a fuel conduit- 
receptacle 74 having a gas diffuser means 40 contained 

50 therein and safety -enhanced fuel outlet 36 lo further convey 
the gas-enriched fuel along an extended conduil (not shown) 
to a desired re-fueling location. In FIG, 4, gas control means 
28 pumps gas via inert gas inlel/coupling means 30 into at 
least one gas diffuser means 40. Optionally, a gas diffuser 

55 means 40 can be extended internally along a length of fuel 
conduit-receptacle 74 for example through inlet 30, such 
that an optimal length of the gas diffuser may be selected for 
a particular application, [n either case, the fuel is driven by 
fuel control means 26 through fuel conduil -receptacle 74 

60 adjacent to the gas diffuser means 40, and can optionally be 
recycled via re-circulating conduit 38. 

A second iteration of the present invention illustrated in 
FIG. 5 and FIG. 6 shows a safety-enhanced or improved 
combustion fuel mixing apparatus which is substantially 

65 act ua led by means external to tbc mixing reccplacle(s) 20 
wherein the mixing apparatus 10 comprises at least one 
movable or shakablc mixing receptacle 20 suitable for 
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containing a volume of inert gas 18 which is received via 
inert gas inlet/coupling means 30 and a volume of hydro- 
carbon fuel 24 which Ls received via hydrocarbon fuel inlet 
32. Mixing receptacle 20 is actuated by externally connected 
propulsion means 50 such as a motor, engine, or any one or 5 
more in a variety of known drive means suitable to provide 
oscillatory cycling of receptacle 20. FIG. 5 and FIG. 6 
further show propulsion means 50 and mixing receptacle 20 
with propulsion arms 48 and propulsion arm pivots 76 
connected therebetween, sucb that the connected propulsion 10 
means arc sufficient to actuate the movement of mixing 
receptacle 20 about a fixed receptacle pivot means 52, such 
as a receptacle shaft operative within a friction-reducing 
means like a bushing or bearing (not shown). Optionally, a 
counterbalance weight 44 can be provided to facilitate the J5 
cycling of the mixing receptacle about its pivot point, and a 
counter-balance well 54 may also be incorporated when 
desired. Inert gas control means 26 and hydrocarbon fuel 
control means 28 are also shown resib'ently connected to 
inlet 30 and inlet 32 respectively, such that mixing recep- 2 o 
taclc 20 is free to move with minimal movement of the 
connected control means. Optionally, in this mode of the 
present invention, fuel control means 26 can be dual- 
purposed to pump safety-enhanced or improved combustion 
fuel from mixing receptacle 20 after the fuel and gas have 25 
been suitably mixed. FIG. 6 illustrates a different phase of an 
oscillatory cycle of the mixing apparatus, wherein the agi- 
tation aod mixing of hydrocarbon fuel 24 and inert gas 18 
can readily be envisioned. 

FIG. 7 and FIG. 8 illustrate mixing apparatus 10 having 30 
a rotalable agitator means 56, with FIG. 8 further incorpo- 
rating a rotatable agitator means 56 also having an integral 
gas diffuser means 60 which is connected to an inert gas 
supply, with the fuel, gas and safety-enhanced or improved 
combustion fuel, being controlled as described in one or 35 
more of the previous figures. In FIG. 7 and FIG. 8, the 
agitator means 56 is affixed to and driven by, a controllable 
agitator drive means 58, such as any one io a variety of 
known engines, motors, or combination of engine and 
rotatable transmission means, or combination of motor and 40 
rotalable transmission means, suitable for providing con- 
tinuous rotation and/or oscillatory cycling of the agitator 
means 56 in either an automated, or a controlled manner. 
Agitator drive means 58 and agitator means 56 agitate the 
hydrocarbon fuel within mixing receptacle 20 such that the 45 
inert gas, whether also diffused or not, is readily mixed with 
the fuel. Agitator means 56 is illustrated having a shape to 
optimize mixing and it can be seen that numerous alternative 
shapes can also be provided. 

FIG. 9 and FIG. 10 are views of a safety -enhanced or 50 
improved combustion fuel mixing apparatus 10, showing a 
fuel conduit-receptacle 74 having a lurbulalor meaos 66 
such as a rotalable elongated helix contained therein, and 
extendable conduit means to transport safety-enhanced fuel 
to a desired location, with FIG. 10 further illustrating a 55 
turbulator with an integrated gas diffuser means 68 rotalably 
connected to an inert gas source and gas control means 28. 
Fuel, gas, safety-enhaaced or improved combustion fuel, 
and re-circulation processes are provided and controlled in 
the manner described io one or more of the previous figures. 60 
Turbulator meaas 66 Is rotatably mounted between a turbu- 
lator friction-reducing means 72 such as a bearing or bush- 
ing concentrically positioned within conduit-receptacle 74 
(having one or more safely-enhanced or improved combus- 
tion fuel aperture 84) and a turbulator drive means 64, such 65 
as any one in a variety of known engines, motors, or 
combination of engine and transmission means, or combi- 
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nation of motor and transmission means, suitable for pro- 
viding continuous rotation and/or oscillatory cycling of 
turbulator drive means 64 in a controlled manner. Safety- 
enhanced fuel aperture(s) 84 are sized to allow sufficient 
flow of safety-enhanced fuel therethrough. 

Although the present invention has been described wilh a 
certain degree of particularity, it is understood that the 
present disclosure has been made by way of example, and 
changes in detail or structure may be made without depart- 
ing from the spirit of ihc invention in the previous descrip- 
tions or as defined in Ihc appended claims. 

What is claimed is: 

1. A hydrocarbon fuel and carbon dioxide (C02) mixing 
apparatus wherein a safety-enhanced and improved com- 
bustion C02-cnriched fuel Ls made, said mixing apparatus 
comprising at least one mixing receptacle suitable for retain- 
ing a volume of fuel and a volume of C02, said mixing 
receplaclc(s) having: 

at least one coupling means for connection wilh a con- 
trollable C02 supply; 
at least one coupling means for connection with a con- 
trollable hydrocarbon fuel supply; 
and at least one coupling means for connection with a 
C02-enriched fuel distribution means, whereby 
said CO 2 supply and said hydrocarbon fuel supply are 
conveyable into said mixing receptacle(s) in control- 
lable ratios and are conveyed into said mixing 
receptacle(s) in a manner thai promotes fuel circu- 
lation and the mixing of said C02 in said fuel, such 
that C02-enriched fuel having a controllable gas- 
fuel ratio is ihe product of said mixing receptacle and 
the gas of said ratio(s) exceeds 0.1 volume of C02 
per volume of fuel and is less than 3 volumes per 
volume of fuel when conveyed from said 
receptacle(s) to said fuel distribution means. 

2. The C02-enriched fuel/product of the mixing apparatus 
of claim 1 wherein the control of concentrations of C02 
within said fuel/product produces micro-droplets in said 
fuel/product, yielding improved combustion and reduced 
soot particulate. 

3. The mixing receptacle of claim 1 further comprising a 
receptacle-content monitoring means suitable for regularly 
sampling and reporting receptacle-content conditions to at 
least one receptacle-content control means. 

4. The mixing receptacle of claim 3 further comprising at 
leasi one computer which is responsive to signal received 
from said receptacle-content monitoring means to control at 
least one controllable valve. 

5. The mixing receptacle of claim 3 further comprising at 
least one computer which is responsive to signal received 
from said receptacle-content monitoring means to control at 
least one controllable pump. 

6. The mixing receptacle and receptacle coupling means 
of claim 1 comprised of material suitable for mixing fuel and 
C02 under pressure and for controlling the concentration of 
said C02 within said fuel. 

7. The mixing receptacle and receptacle coupling means 
of claim 1 comprised of material suitable for storing fuel and 
C02 under pressure and for controlling the concentration of 
said C02 within said fuel. 

8. The mixiog receptacle of the mixing apparatus of claim 
1 further comprising coupling means lo at least one 
receptacle-content re-circulation conduit. 

9. The mixing receptacle of ihc mixing apparatus of claim 
1 further comprising ao ullage within said receptacle which 
is sufficient in volume when containing a controllable con- 
centration of C02, to establish a desired equilibrium gas/ 
fuel ratio within the C02-enriched fuel. 
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10. The mixing receptacle of claim 9 wherein fluid 
convection circulates fuel to Ihc fluid surface creating con- 
tact with said controllable concentration of C02. 

LI. The mixing apparatus of claim 1 comprising a fuel 
splash -inducing contoured surface which is aligned with the 
dcscenl'of the fuel into said mixing receptacle such that the 
fuel, as it splashes, is exposed to a controllable concentration 
of the C02. 

12. The C02 supply of claim 1 wherein said CO 2 is 
slorable in a chilled non-gaseous slate in a connect able 
receptacle. 

13. The C02 supply of claim 1 wherein said C02 is 
provided by exhaust of a fuel-burning device. 

14. The mixing apparatus of claim 1 further comprising a 
fuel atomizing means. 

15. The mixing apparatus of claim 1 further comprising at 
least one C02 iofuser means. 

16. The mixing apparatus of claim 1 further comprising at 
least one hydrocarbon fuel atomizer means aod at least one 
CO 2 infuser means. 

17. The mixing apparatus of claim I fu rther comprising at 
least one gas diffuser means. 

18. The mixing apparatus of claim 1 further comprising an 
external drive means and a movable mixing receptacle 
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wherein said drive means and said receptacle have an 
actuating member coupled therebetween such that a move- 
ment imparted to said member by said drive means causes 
said receptacle to move, which in turn, promotes the circu- 
5 lalion of fuel within said receptacle. 

19. The mixing apparatus of claim 1 further comprising a 
rotalablc agitator means. 

20. The mixing apparatus of claim 1 further comprising a 
combination rotalablc agitator means and gas diffuser 

10 means, 

21. The mixing apparatus of claim 1 further comprising a 
turbulator means. 

22. The mixing apparatus of claim 1 further comprising a 
J( . combination turbulalor means and gas diffuser means. 

23. The mixing apparatus of claim 1 which is configured 
to retrofit an existing fuel-burning device. 

24. The C02-enriched fuel/product of the mixing appa- 
ratus of claim 1 wherein the gas-to-fuel ratio of said C02- 

20 enriched fuel is controllable and adjusted for the leogths of 
aircraft flights relative to the fuel volume in the fuel tanks of 
the aircraft departing on said flights. 

***** 
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MULTIPLE ASM OBIGGS WITH DIFFERENT 
PERMEABILITY AND SELECTIVITY MEMBRANES 



p^ranTTNn OF THF INVENTION 

1. FiHH of the Invention 

The present invention generally relates to a method and system for inerting 
aircraft fuel tanks. The invention particularly relates to a method and system for 
providing nitrogen-enriched air (NEA) to aircraft fuel tanks using multiple air 
separation modules (ASMs). The ASMs employ membranes having different 
permeabilities and selectivities which are particularly selected to meet the varying 
NEA needs of the aircraft performance requirements. 

2. Description , of the Re lated Art 

It is generally recognized that fuel vapors in an enclosed area such as a fuel 
tank may result in flame propagation or even an explosion if sufficient oxygen is 
present. The threat of an explosion, however, can be substantially reduced if the 
oxygen concentration in the fuel tank is lowered to 9% by volume or less. 

Due to the risk of an explosion, some vehicles, particularly aircrafts, have 
been equipped with on-board inert gas generating systems (OBIGGS). The 
OBIGGS are intended to provide a supply of nitrogen or nitrogen-enriched gas to 
fill the vapor space or ullage in the fuel tank in order to lower its oxygen content 
and thereby reduce the possibility of an explosion. 
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Various OBIGGS have been proposed in the art. However, there remains 
a continuing need in the art for OBIGGS that have reduced size, weight, and 
operating cost, but yet can provide a sufficient amount and purity of NEA to inert, 
for example, aircraft fuel tanks during a variety of different operating conditions. 

5 

SUMMARY OF THF. INVENTION 
The present invention is intended to address this need in the art. It takes 
particular advantage of the fact that an aircraft has varying inert gas requirements 
during the course of its flight. For example, during level altitude or cruising, a 
10 relatively low rate of NEA flow is required to replace the fuel being used. During 
a descent maneuver such as landing, a higher rate of NEA flow is required to keep 
the internal pressure in the fuel tanks equal to the external pressure to niinirnize 
the in-rush of 21 % by volume O z air and to maintain the ullage oxygen 
concentration at 9% by volume or lower. Likewise, during an ascent maneuver 
15 such as takeoff, a higher flow rate of NEA is required to inert the fuel tanks 
because of the evolution of dissolved 0 2 from the fuel due to the drop in the 
atmospheric pressure. 

Briefly, the present invention employs multiple gas separation modules 
which contain membranes having different permeabilities and selectivities to 
20 separate compressed air into NEA. The membrane modules are advantageously 
selected to provide the NEA required to inert the aircraft fuel tanks based on the 
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aircraft's particular performance requirements, while minimizing the system's 
overall size, weight, and operating cost. 

More particularly, in its first aspect, the present invention relates to a 
method for inerting an aircraft fuel tank. The method comprises the steps of: 

(a) contacting compressed air with one or more first membrane 
modules at conditions effective to produce a first nitrogen-enriched air stream; 

(b) introducing the first nitrogen-enriched air stream into the fuel tank 
during periods of low demand for nitrogen-enriched air; 

(c) contacting compressed air with one or more second membrane 
modules at conditions effective to produce a second nitrogen-enriched air stream; 
and 

(d) introducing the second nitrogen-enriched air stream into the fuel 
tank during periods of high demand for nitrogen-enriched air. The first membrane 
modules have a lower 0 2 permeance and a higher 0 2 /N 2 selectivity than the second 
membrane modules. 

In its second aspect, the present invention relates to a system for inerting 
an aircraft fuel tank. The system comprises: 

(a) one or more first membrane modules for separating compressed air 
into a first permeate stream comprising oxygen-enriched air and a first retentate 
stream comprising nitrogen-enriched air; 

(b) a first conduit for conveying the first retentate stream into the fuel 
tank during periods of low demand for nitrogen-enriched air; 



(c) one or more second membrane modules for separating compressed 
air into a second permeate stream comprising oxygen-enriched air and a second 
retentate stream comprising nitrogen-enriched air; and 

(d) a second conduit for conveying the second retentate stream into the 
fuel tank during periods of high demand for nitrogen-enriched air. The first 
membrane modules have a lower 0 2 permeance and a higher 0 2 /N 2 selectivity than 
the second membrane modules. 

As used herein, the "periods of low demand for nitrogen-enriched air" 
refer to instances when the volumetric output of the one or more first membrane 
modules can produce enough NEA to maintain the oxygen concentration in the 
ullage of the aircraft fuel tank below the explosive limit, which is currently 
believed to be about 9% by volume or less. An example of such a period includes 
while the aircraft is cruising or is maintaining a level altitude. 

On the other hand, the "periods of high demand for nitrogen-enriched air" 
refer to instances when the volumetric output of the one or more first membrane 
modules cannot produce enough NEA to maintain the oxygen concentration in the 
ullage of the aircraft fuel tank below the explosive limit. Such periods include 
during ascent, descent, and mid-air refueling. 

D FT AILED DESCRIPTION OF THE IN VENTION 
During level altitude or the cruising phase of an aircraft's flight, less NEA 
is required to maintain the oxygen concentration in the ullage of a fuel tank below 



the explosive limit. Thus, it is possible to use more energy efficient, higher 
performance membrane modules to supply the required NEA. 

Accordingly, during periods of low NEA demand, compressed air is 
contacted with one or more first membrane modules at conditions effective to 
produce a first NEA stream. The compressed air can be from any source on 
board the aircraft such as engine bleed air, bleed air from the aircraft's 
environmental control system, or air from an independent compressor. Regardless 
of the source of the compressed air, it typically contains about 21 % by volume 0 2 , 
78% by volume N 2 , and traces of Ar and other gases. The air, however, may 
have a lower oxygen concentration at higher altitudes. 

There is a relationship between the compressed air pressure, which 
translates to the driving force across the membrane, and the number of membrane 
modules required to perform the desired separation, and thus the overall size and 
weight of the system. For example, it has been discovered that increasing the 
compressed air pressure from 30 psig (308.0 kPa) to 50 psig (445.8 kPa) can 
reduce the module weight as well as its overall size by over 50%. Therefore, it is 
preferred that the compressed air has a pressure ranging from 10 psig (170.2 kPa) 
to 300 psig (2168.3 kPa), and more preferably, from 20 psig (239.1 kPa) to 100 
psig (790.3 kPa). The driving force across the membrane can also be effected or 
enhanced by applying a vacuum on the permeate side of the membrane. 

The first membrane modules contain a membrane material that 
preferentially permeates oxygen and retains nitrogen. In addition, they are 



advantageously selected to have a lower 0 2 permeance and a higher 0 2 /N 2 
selectivity than the second membrane modules. Preferably, the first membrane 
modules are selected to have an 0 2 permeance of at least 10 GPU (10 6 
cm 3 /cm 2 sec cm-hg) and an 0 2 /N 2 selectivity of at least 4.0 measured at operating 
conditions. More preferably, the first membrane modules have an 0 2 permeance 
of at least 30 GPU (10" 6 cm 3 /cm 2 sec cm-hg) and an 0 2 /N 2 selectivity of at least 
5.0. 

Membrane modules having such properties are known in the art. They are 
generally referred to as high performance membranes. For example, but without 
limitation, the membrane material in the first modules can be made of cellulose 
derivatives, polyamides, polyimides, polyamide-imides, polysulfones, copolymers 
and blends thereof. The membrane material is preferably in the form of 
asymmetric or composite hollow fibers, but may be in roll form, and plate and 
frame cartridges. More preferably, the first membrane modules contain hollow 
fibers described in one of U.S. Patent Nos. 4,230,463; 4,983,191; 5,015,270; 
5,085,676; and 5,096,468, and EP 0 207 721 A2; the contents of which are 
hereby incorporated by reference. 

The temperature of the compressed air and/or the membrane has an affect 
on the permeability and selectivity of the membrane modules. For example, for a 
given compressed air flow rate and pressure, the permeability of the membrane 
can increase as the temperature increases. Thus, it is preferable to contact the 
compressed air with the first membrane modules at a temperature ranging from 



0°C to 100°C, and preferably from 0°C to 80°C. Of course, the compressed air 
can be heated prior to the contacting step in order to maximize the productivity of 
the membrane modules. 

The flow rate of the compressed air to the first membrane modules can 
5 vary, depending on the particular NEA requirements of the aircraft fuel tanks. 
Generally, however, the flow rate of the compressed air into the first membrane 
modules should be sufficient to provide enough NEA to the fuel tanks to maintain 
an oxygen concentration in the ullage space below the explosive range, i.e., 9% 
by volume 0 2 or less, during periods of low demand such as cruising. 
[0 The first NEA stream preferably has a flow rate of 0.05 lbs/ min (0.023 

kg/min) to 20 lbs/min (9.091 kg/min) and an oxygen content of 9% by volume or 
less. More preferably, the first NEA stream has a flow rate of 0.5 lbs/min (0.227 
kg/min) to 2.0 lbs/min (0.909 kg/min) and an oxygen content of 5% by volume or 
less. The first NEA stream is advantageously introduced into the fuel tank of an 
1 5 aircraft during periods of low NEA demand to maintain the oxygen content in the 
ullage of the fuel tank below the explosive range. 

During certain flight maneuvers such as ascent and descent, the first 
membrane modules may not be able to provide sufficient NEA flow to the 
aircraft's fuel tank to maintain the oxygen concentration in the ullage below the 
20 explosive limit. Thus, it would be advantageous to employ less efficient, but 
higher productivity membrane modules to supply the required NEA. 
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Like the first membrane modules, the second membrane modules contain a 
membrane material that preferentially permeates oxygen and retains nitrogen. The 
membrane material in the second modules, however, is preferably highly 
permeable so as to fulfill the high demand of NEA during flight periods such as 
ascent and descent. 

The second membrane modules preferably have an 0 2 permeance of at least 
100 GPU (10" 6 cm 3 /cm 2 *sec*cm-hg) and an 0 2 /N 2 selectivity of at least 1.5 
measured at operating conditions. More preferably, the second membrane 
modules have an 0 2 permeance of at least 200 GPU (10' 6 cm 3 /cm 2 -sec-cm-hg) and 
an 0 2 /N 2 selectivity of at least 2.0. These membrane modules are usually referred 
to as having ultra high permeability. 

Various such membrane materials are known in the art. For example, but 
without limitation, cellulose derivatives, poly amides, polyimides, polyamide- 
imides, polysulfones, copolymers and blends thereof have been found to be useful. 
The membrane materials are preferably in the form of asymmetric or composite 
hollow fibers, but may be in roll form, and plate and frame cartridges. More 
preferably, the second membrane modules contain hollow fibers described in one 
of U.S. Patent Nos. 4,717,394; 5,034,024; and 5,051,114, and EP 0 207 721 A2; 
the contents of which are hereby incorporated by reference. 

The compressed air can be contacted with the second membrane modules at 
the same general conditions as it is contacted with the first membrane modules. 
However, because more NEA is needed to fill the ullage space during high NEA 
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demand periods, the second NEA stream generally, but not necessarily has a 
higher flow rate and a higher oxygen content than the first NEA stream. 

The second NEA stream preferably has a flow rate of 5 Ibs/min (2.273 
kg/min) to 100 lbs/min (45.455 kg/min) and an oxygen content of 9% by volume 
or less. More preferably, the second NEA stream has a flow rate of 10 lbs/min 
(4.545 kg/min) to 50 lbs/min (22.727 kg/min). This second NEA stream is 
advantageously introduced into the fuel tank of an aircraft during periods of high 
NEA demand such as ascent and descent to maintain the oxygen content in the fuel 
tank below the explosive limit. 

The second NEA stream can be introduced into the fuel tank in 
combination with or in lieu of the first NEA stream, depending on the particular 
NEA requirements of the aircraft at the time. To minimize energy consumption, 
one or more of the membrane modules in each set may be turned off when the 
NEA from those modules is not required to meet the demand of the aircraft. 

Moreover, either one or both of the first and second NEA streams can be 
introduced directly into the liquid fuel in the fuel tank, such as through a bubbler, 
to scrub or remove dissolved 0 2 from the fuel. Preferably, the first NEA stream 
is introduced into the liquid fuel. As those skilled in the art will readily 
appreciate, such an embodiment can reduce the risk of an explosion even further. 

For both sets of membrane modules, if more than one is employed in each 
set, the modules in each set can be arranged in series and/or in parallel. If 
employed in series, the NEA retentate stream of one module can be used as a feed 



to another module in that set. In addition, either the permeate stream or the 
retentate stream or both can be recycled to a previous module to maximize the 
separation efficiency of the modules. 

In its second aspect, the present invention relates a system for carrying out 

5 the above-described process. The system contains two sets of membrane modules 
for separating compressed air into a permeate stream comprising oxygen-enriched 
air and a retentate stream comprising nitrogen-enriched air. Each set has a 
different permeability and selectivity. In particular, the first set of membrane 
modules is selected to have a lower 0 2 permeance, but a higher 0 2 /N 2 selectivity 

10 than the second set of membrane modules. 

Preferably, the first membrane modules have an 0 2 permeance of at least 
10 GPU (10- 6 cm 3 /cm 2 sec*cm-hg) and an 0 2 /N 2 selectivity of at least 4.0, and the 
second membrane modules have an 0 2 permeance of at least 100 GPU (10" 6 
cm 3 /cm 2 -sec*cm-hg) and an 0 2 /N 2 selectivity of at least 1.5. More preferably, the 

15 first membrane modules have an 0 2 permeance of at least 30 GPU (10* 6 

cm 3 /cm 2 -seccm-hg) and an 0 2 /N 2 selectivity of at least 5.0, and the second 
membrane modules have an 0 2 permeance of at least 200 GPU (10~ 6 
cm 3 /cm 2 -sec*cm-hg) and an 0 2 /N 2 selectivity of at least 2.0. 

Both sets of membrane modules contain a compressed air inlet and an NEA 

20 stream outlet. Each NEA stream outlet is connected to a conduit which is 

provided to convey the NEA stream from the membrane modules to the ullage of 
the aircraft fuel tank. Each outlet can be connected to a separate conduit. 
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Alternatively, the outlets can be connected to a common conduit which carries the 
NEA into the fuel tank as needed. The system can also contain a third conduit for 
introducing the first NEA stream or the second NEA stream or both into the liquid 
fuel in the aircraft fuel tank in order to liberate at least a portion of 0 2 dissolved in 
the fuel. 

The first membrane modules and the second membrane modules can be 
arranged in a bundle-in-bundle configuration as described in U.S. Patent No. 
5,013,331; the content of which is hereby incorporated by reference. For 
example, one first membrane module can be arranged as the outer bundle while 
one second membrane module can be the inner bundle. Such an arrangement can 
provide significant reductions in the overall size and weight of the system. 

While the invention has been described with reference to preferred 
embodiments, it is to be understood that variations and modifications may be 
resorted to as will be apparent to those skilled in the art. Such variations and 
modifications are to be considered within the purview and scope of the invention 
as defined by the claims appended hereto. 
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WTJATTSTT AIMED IS: 

1. A method for inerting an aircraft fuel tank, said method comprising 

the steps of: 

(a) contacting compressed air with one or more first membrane 
modules at conditions effective to produce a first nitrogen-enriched air stream; 

(b) introducing said first nitrogen-enriched air stream into said fuel 
tank during periods of low demand for nitrogen-enriched air; 

(c) contacting compressed air with one or more second membrane 
modules at conditions effective to produce a second nitrogen-enriched air stream; 
and 

(d) introducing said second nitrogen-enriched air stream into said fuel 
tank during periods of high demand for nitrogen-enriched air, 

wherein said first membrane modules have a lower 0 2 permeance and a 
higher 0 2 /N 2 selectivity than said second membrane modules. 

2. The method according to claim 1, wherein said low demand periods 
include cruising. 

3. The method according to claim 1, wherein said high demand 
periods include ascent or descent or both. 



12 



4. The method according to claim 1, further comprising introducing at 
least one of said first nitrogen-enriched air stream and said second nitrogen- 
enriched air stream into the fuel in said fuel tank at conditions effective to liberate 
at least a portion of dissolved 0 2 in the fuel. 

5. The method according to claim 4, wherein said first nitrogen- 
enriched air stream is introduced into the fuel in the fuel tank to liberate at least a 
portion of dissolved 0 2 in the fuel. 

6. The method according to claim 1, wherein said first nitrogen- 
enriched air stream has a lower flow rate than said second nitrogen-enriched air 
stream. 

7. The method according to claim 1, wherein said first nitrogen- 
enriched air stream has a flow rate of 0.05 to 20 lbs/min at 9 % by volume O 2 or 
less, and said second nitrogen-enriched air stream has a flow rate of 5 to 100 
lbs/min at 9% by volume 0 2 or less. 

8. The method according to claim 7, wherein said first nitrogen- 
enriched air stream has a flow rate of 0.5 to 2.0 lbs/min at 5 % by volume O 2 or 
less, and said second nitrogen-enriched air stream has a flow rate of 5 to 50 
lbs/min at 9% by volume 0 2 or less. 
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9. The method according to claim 1, wherein said first membrane 
modules have an 0 2 permeance of at least 10 GPU and an 0 2 /N 2 selectivity of at 
least 4.0, and said second membrane modules have an 0 2 permeance of at least 
100 GPU and an 0 2 /N 2 selectivity of at least 1.5. 

10. The method according to claim 9, wherein said first membrane 
modules have an 0 2 permeance of at least 30 GPU and an 0 2 /N 2 selectivity of at 
least 5.0, and said second membrane modules have an 0 2 permeance of at least 
200 GPU and an 0 2 /N 2 selectivity of at least 2. 

11. The method according to claim 1, wherein said compressed air 
comprises bleed air. 

12. The method according to claim 1, wherein said compressed air has 
a pressure of 10 to 300 psig. 

13. The method according to claim 1, which comprises introducing said 
first nitrogen-enriched air stream and said second nitrogen-enriched air stream into 
said fuel tank during periods of high demand for nitrogen-enriched air. 

14. A method for inerting an aircraft fuel tank, said method comprising 
the steps of: 
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(a) contacting compressed air with one or more first membrane 
modules at conditions effective to produce a first nitrogen-enriched air stream; 

(b) introducing said first nitrogen-enriched air stream into said fuel 

tank during cruising; 

(c) contacting compressed air with one or more second membrane 
modules at conditions effective to produce a second nitrogen-enriched air stream; 
and 

(d) introducing said second nitrogen-enriched air stream into said fuel 
tank during ascent or descent or both, 

wherein said first membrane modules have a lower 0 2 permeance and a 
higher 0 2 /N 2 selectivity than said second membrane modules. 

15. The method according to claim 14, further comprising introducing 
at least one of said first nitrogen-enriched air stream and said second nitrogen- 
enriched air stream into the fuel in said fuel tank at conditions effective to liberate 
at least a portion of dissolved 0 2 in the fuel. 

16. The method according to claim 15, wherein said first nitrogen- 
enriched air stream is introduced into the fuel in the fuel tank to liberate at least a 
portion of dissolved 0 2 in the fuel. 
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17. The method according to claim 14, wherein said first nitrogen- 
enriched air stream has a lower flow rate than said second nitrogen-enriched air 
stream. 

5 18. The method according to claim 14, wherein said first nitrogen- 

enriched air stream has a flow rate of 0.05 to 20 lbs/min at 9% by volume 0 2 or 
less, and said second nitrogen-enriched air stream has a flow rate of 5 to 100 
lbs/min at 9% by volume 0 2 or less. 

10 19. The method according to claim 18, wherein said first nitrogen- 

enriched air stream has a flow rate of 0.5 to 2.0 lbs/min at 5% by volume 0 2 or 
less, and said second nitrogen-enriched air stream has a flow rate of 5 to 50 
lbs/min at 9% by volume 0 2 or less. 

15 20. The method according to claim 14, wherein said first membrane 

modules have an 0 2 permeance of at least 10 GPU and an 0 2 /N 2 selectivity of at 
least 4.0, and said second membrane modules have an 0 2 permeance of at least 
100 GPU and an 0 2 /N 2 selectivity of greater than 1.5. 

20 21. The method according to claim 20, wherein said first membrane 

modules have an 0 2 permeance of at least 30 GPU and an 0 2 /N 2 selectivity of at 
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least 5.0, and said second membrane modules have an 0 2 permeance of at least 
200 GPU and an Q 2 /N 2 selectivity of at least 2. 



22. The method according to claim 14, wherein said compressed air 
5 comprises bleed air. 

23. The method according to claim 14, wherein said compressed air has 
a pressure of 10 to 300 psig. 

10 24. The method according to claim 14, which comprises introducing 

said first nitrogen-enriched air stream and said second nitrogen-enriched air stream 
into said fuel tank during ascent or descent or both. 

25. A system for inerting an aircraft fuel tank, said system comprising: 
15 (a) one or more first membrane modules for separating compressed air 

into a first permeate stream comprising oxygen-enriched air and a first retentate 
stream comprising nitrogen-enriched air; 

(b) a first conduit for conveying said first retentate stream into said fuel 
tank during periods of low demand for nitrogen-enriched air; 
20 (c) one or more second membrane modules for separating compressed 

air into a second permeate stream comprising oxygen-enriched air and a second 
retentate stream comprising nitrogen-enriched air; and 

17 



(d) a second conduit for conveying said second retentate stream into 
said fuel tank during periods of high demand for nitrogen-enriched air, 

wherein said first membrane modules have a lower 0 2 permeance and a 
higher 0 2 /N 2 selectivity than said second membrane modules. 

26. The system according to claim 25, further comprising a third 
conduit for introducing at least one of said first retentate stream and said second 
retentate stream into the fuel in said fuel tank to liberate at least a portion of 
dissolved 0 2 in the fuel. 

27. The system according to claim 25, wherein said first membrane 
modules have an 0 2 permeance of at least 10 GPU and an 0 2 /N 2 selectivity of at 
least 4.0, and said second membrane modules have an 0 2 permeance of at least 
100 GPU and an 0 2 /N 2 selectivity of at least 1.5. 

28. The system according to claim 27, wherein said first membrane 
modules have an 0 2 permeance of at least 30 GPU and an 0 2 /N 2 selectivity of at 
least 5.0, and said second membrane modules have an 0 2 permeance of at least 
200 GPU and an 0 2 /N 2 selectivity of at least 2. 
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29. The system according to claim 25, wherein said first membrane 
modules and said second membrane modules are arranged in a bundle-in-bundle 
configuration. 

30. The system according to claim 29, wherein said first conduit and 
said second conduit have common portions. 
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ABSTRACT OF THE DISCLOSURE 
A method and system for providing nitrogen-enriched air (NEA) to aircraft 
fuel tanks using multiple air separation modules (ASMs). The ASMs employ 
membranes having different permeabilities and selectivities which are particularly 
selected to meet the varying NEA needs of the fuel tanks during flight. 
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reconstruction of the file of the above-identified application pursuant to the provisions of 37 CFR 1*251. 

Applicant is given a period of THREE (3) MONTHS from the mailing date of this notice within which to provide a copy of 
applicant's record (if any) of all of the correspondence between the Office and applicant for the above-identified application (except 
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Applicant is given a period of THREE (3) MONTHS from the mailing date of this notice within which to provide a copy of the 
papers) listed above and a statement that the copy of such papers) is a complete and accurate copy of applicant's record of such 
papers). 
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Failure to reply to this notice In a timely manner will result in abandonment of the above-identified application. The 
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[ ] A certification under 37 C.F.R. § 1.97(e) is also enclosed. 
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Deposit Account No. 02-4800. This paper is submitted in duplicate. 
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AMENDMENT/REPLY TRANSMITTAL LETTER 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Enclosed is a reply for the above-identified patent application. 
PQ A Petition for Extension of Time is also enclosed. 
[ ] 



[ ] 
[ ] 
[ ] 



A Terminal Disclaimer and a check for [ ] $55.00 (248) [ ] $110.00 (148) to cover the 
requisite Government fee are also enclosed. 



Also enclosed is 



Small entity status is hereby claimed. 

Applicant(s) request continued examination under 37 C.F.R. § 1.114 and enclose the 
[ ] $370.00 (279) [ ] $740.00 (179) fee due under 37 C.F.R. § 1.17(e). 



[ ] Applicants) previously submitted 
requested. 



on , for which continued examination is 



[ ] Applicants) request suspension of action by the Office until at least which does not 
exceed three months from the filing of this RCE, in accordance with 37 C.F.R. 
§ 1.103(c). The required fee under 37 C.F.R. § 1.17® is enclosed. 

[ ] A Request for Entry and Consideration of Submission under 37 C.F.R. § 1 . 129(a) 
(146/246) is also enclosed. 

[X] No additional claim fee is required. 
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[ ] An additional claim fee is required, and is calculated as shown below: 
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Independent Claims 
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x $84,00 (102) = 




If Amendment adds multiple dependent claims, add $280.00 (104) 




Total Amendment Fee 




If small entity status is claimed, subtract 50% of Total Amendment Fee 











[ ] A claim fee in the amount of $ is enclosed. 

[ ] Charge $ to Deposit Account No. 02-4800. 

The Commissioner is hereby authorized to charge any appropriate fees under 37 C.F.R. 
§§ 1.16, 1.17, 1.20(d) and 1.21 that may be required by this paper, and to credit any overpayment, 
to Deposit Account No. 02-4800. This paper is submitted in duplicate. 

Respectfully submitted, 

Burns, Doane, Swecker & Mathis, lx.p. 



By:. 



E. JosejJJ/Gess 
Registration No. 28,510 



P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 



Date: July 1, 2002 
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PETITION FOR EXTENSION OF TIME 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

The following extension of time is requested to respond to the outstanding Official Action 
dated January 30, 2002 : 

two months to July L 2002 ; the extension fee is: 

[ ] $200.00 (216) \X] $400.00(116). 
[ ] The shortened statutory period has been reset by an Advisory Action dated 

[XJ An extension fee in the amount of $ 400.00 is enclosed. 

The Commissioner is hereby authorized to charge any appropriate fees under 37 C.F.R. 
§§ 1. 16, 1.17 and 1.21 that may be required by this paper, and to credit any overpayment, to 
Deposit Account No. 02-4800. This paper is submitted in duplicate. 

Respectfully submitted, 

Burns, Doane, Swecker & Mathis, L.L.P. 



P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 
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REPLY 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



In response to the Official Action dated January 30, 2002, Applicants submit the following 



remarks. 



REMARKS 

Re-examination and reconsideration of the application identified in caption pursuant to and 
consistent with 37 C.F.R. §1.111 and in light of the remarks which follow, are respectfully 
requested. 

Claims 1-3, 5-14, 16-25 and 27-31 are pending in the present application. Each of these 
claims is under consideration. 

In the Official Action, claims 1-3, 11, 13, 14, 16, 17, 22, 24, 25, 29 and 30 stand rejected 
under 35 U.S.C. §103(a) as being obvious over U.S. Patent No. 5,013,33 1 (Edwards et at) in 
view of U.S. Patent No. 6,293,525 (Ginsburgh et aT). This rejection should be withdrawn for at 
least the following reasons. 
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According to one aspect of the present invention as defined by claim 1, a method for 
inerting an aircraft fuel tank is provided. The method comprising the steps of: (a) contacting 
compressed air with one or more first membrane modules at conditions effective to produce a first 
nitrogen-enriched air stream; (b) introducing said first nitrogen-enriched air stream into said fuel 
tank during periods of low demand for nitrogen-enriched air; (c) contacting compressed air with 
one or more second membrane modules at conditions effective to produce a second nitrogen- 
enriched air stream; and (d) introducing said second nitrogen-enriched air stream into said fuel 
tank during periods of high demand for nitrogen-enriched air. Said first membrane modules have 
a lower 0 2 permeance and a higher Q/N 2 selectivity than said second membrane modules. At 
least one of said first nitrogen-enriched air stream and said second nitrogen-enriched air stream 
is introduced directly into the fuel in said fuel tank at conditions effective to liberate at least a 
portion of dissolved in the fuel. Additional aspects of the present invention are defined by 
independent claims 14, 25 and 31. 

Edwards et al does not disclose or suggest each feature of the presently claimed invention. 
For example, the inventive methods according to claims 1 and 14 include introducing a nitrogen- 
enriched air stream directly into a fuel in a fuel tan k at conditions effective to liberate at least a 
portio n of dissolved in the fuel . Similarly, the inventive systems according to claims 25 and 
3 1 include a conduit for introducing a retentate stream directly into a fuel in a fuel tan k to liberate 
ftt l east a portion of dissolved Q 3 in the fuel . Edwards et al has no disclosure or suggestion of 
such features. In fact, Edwards et al has no disclosure or suggestion of introducing a nitrogen- 
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enriched air stream directly into a fuel in a fuel tanli, let alone at conditions effective to liberate 
at least a portion of dissolved 0 2 in the fuel. 

Like Edwards et al, Ginsburgh et al fails to disclose or suggest introducing a nitrogen- 
enriched air stream directly into a fuel in a fuel tank at conditions effective to liberate at least a 
portion of dissolved in the fuel. In fact, Ginsburgh et al has no recognition or suggestion of 
the presence of dissolved oxygen in the fuel, let alone introducing a nitrogen-enriched air stream 
directly into the fuel at conditions effective to liberate a portion of such dissolved oxygen. 
Moreover, the Official Action fails to provide any reason why one of ordinary skill in the art 
would have been motivated to modify Edwards et al and/or Ginsburgh et al to introduce a 
nitrogen-enriched air stream directly into a fuel in a fuel tank at conditions effective to liberate at 
least a portion of dissolved Q in the fuel. 

Furthermore, the inventive methods and systems include a first membrane module which 
produces nitrogen-enriched air employed during periods of low demand thereof, which has a 
lower 0 2 permeance and a higher G/N 2 selectivity than a second membrane module which 
produces nitrogen-enriched air employed during periods of high demand thereof. 
Advantageously, the present invention enables the use of a membrane module having a higher 0 2 
permeance and a lower 0 2 /N 2 selectivity (i.e., the second membrane module) to provide an 
increased nitrogen-enriched air flow rate during periods of higher nitrogen-enriched air demand. 

Edwards et al does not disclose or suggest such a feature. In this regard, Edwards et al 
discloses that "portion 88 could provide one purity product and portion 90 could provide another 



^his deficiency of Edwards et al is acknowledged at page 2 of the Official Action. 

-3 - 



Application No. 09/107.141 
Attorney's Docket No. 016499-546 

purity product from the same feed" {Edwards et al at col. 7, lines 33-36). However, Edwards et 
al has no recognition or suggestion of employing nitrogen-enriched air produced by a first 
membrane module having a lower Q permeance and a higher Q/N^ selectivity in comparison with 
a second membrane module, during periods of low demand of nitrogen-enriched air. 

Rather, Edwards et al discloses providing an increased nitrogen-enriched air flow rate by 
using a portion of a permeator with a "higher capacity", or by utilizing flows from two portions 
of the permeator (Edwards et al at col. 1 1, lines 50-55). Absent an improper resort to Applicants' 
own disclosure, one of ordinary skill in the art would not have been motivated to select a first 
membrane module which provides nitrogen-enriched air for use during periods of low demand 
thereof) which has a lower permeance and a higher CyN 2 selectivity than a second membrane 
module which provides nitrogen-enriched air for use during periods of high demand thereof. 
Further, Ginsburgh et al does not even relate to the use of membrane modules for producing 
nitrogen-enriched air, let alone the Q> permeance and 0 2 /N 2 selectivity characteristics of such 
membrane modules, and as such fails to cure the above-described deficiency of Edwards et al. 

Accordingly, for at least the reasons set forth above, withdrawal of the §103 (a) rejection 
over Edwards et al and Ginsburgh et al is respectfully requested. 

Claims 4, 5-10, 12, 15, 16, 18, 19-21, 23, 26-28 and 31 stand rejected under 35 U.S.C. 
§ 1 03(a) as being obvious over Edwards et al in view of Ginsburgh et al, and further in view of 
"Aviation Week and Space Technology", Vol. 147, No. 2, pp. 60-61 (Dornheim). Withdrawal 
of this rejection is respectfully requested for at least the following reasons. 

The deficiencies of Edwards et al and Ginsburgh et al are discussed above. 
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The Examiner relies on Dornheim for disclosing that "oxygen enrichment occurs from the 
dissolved air in the fuel" (Official Action at page 3). However, like Edwards et al and Ginsburgh 
et al, Dornheim fails to disclose or suggest introducing a nitrogen-enriched air stream directly into 
a fuel in a fuel tank at conditions effective to liberate at least a portion of dissolved Q in the fuel. 
In stark contrast with the present invention, Dornheim discloses the use of a centrifugal 
aspirator/scrubber to reduce the amount of oxygen dissolved in incoming fuel during refueling. 
There is simply no disclosure or suggestion that introducing a nitrogen-enriched air stream directly 
into a fuel in a fuel tank is effective to liberate at least a portion of dissolved Q in the fuel. 

In this regard, the Official Action at page 3 states the following: 

To substitute particular parameters and conditions in the fuel 
inherting [sic] system of Edwards et al in place of unspecified 
conditions are considered to have been a matter of design and 
engineering choice in order to achieve the desired performance of 
the system in a particular situation. 

Applicant's respectfully disagree with the Examiner's position. It is noted that the Patent Office 

must show that the prior art teaches or suggests all the claim limitations in order to establish a 

prima facie case of obviousness. 2 However, in the present case, not one of the applied documents 

has any recognition or suggestion of introducing a nitrogen-enriched air stream directly into a fuel 

in a fuel tank at conditions effective to liberate at least a portion of dissolved Q in the fuel. 

Furthermore, like Edwards et al and Ginsburgh et al, Dornheim fails to disclose or 

suggest a first membrane module which produces nitrogen-enriched air employed during periods 

of low demand thereof, which has a lower Q permeance and a higher CyN 2 selectivity than a 



2 See, e.g., M.P.E.P. §2143. 
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second membrane module which produces nitrogen-enriched air employed during periods of high 
demand thereof. 

Accordingly, for at least the reasons set forth above, withdrawal of the §103 (a) rejection 
over Edwards et al 9 Ginsburgh et al and Dornheim is respectfully requested. 

From the foregoing, further and favorable action in the form of a Notice of Allowance is 
believed to be next in order, and such action is earnestly solicited. If the Examiner has any 
questions concerning this paper, or the application in general, the Examiner is invited to telephone 
the undersigned. 

Respectfully submitted, 

Burns, Doane, Swecker & Mathis, l.l.p. 



By: < ^W^^^^ 

E. Josepgjtes/ 
Registration No. 28,510 



P.O. Box 1404 

Alexandria, VA 22313-1404 

(703) 836-6620 



Date: July 1, 2002 
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Enclosed please find one sheet of formal drawings for review by the Patent and Trademark 
Office in connection with the above-identified application. Should the enclosed drawings require 
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